This is the first study focuses on the characteristics of newly discovered subsurface oil shale deposit in Isfir Al-Mahata Area in the southern part of Jordan. This area considered as one of the promising oil shale resources that are located in the southern region. This study aims through mineralogical and geochemical analyses to shed light on the characteristics of this potential resource. Oil shale is described as bituminous chalk marl phosphatic rich at the bottom. A total of 115 meters of oil shale were penetrated and recorded. Oil content is about 6% in the first 80 meters and increases to 11% in the remaining part. Petrography indicates that the oil shale of this borehole is foraminiferal wackestone changes to grainstone in the lowermost part. Amorphous organic matter is filling foram's cavities and dispersed within the mineral matrix. The later consists mainly of calcite with minor amounts of quartz, clay and apatite. With exception of the lower most part, major and minor elements oxides reveals minor variation indicate stagnant formational conditions. High terrestrial input contribution is expected.
Introduction
Jordan has a huge potential of oil shale in the subsurface. Major oil shale (OS) deposits are located in the central part of Jordan (Alali, 2006) . Deposit conditions are favourable for surface mining (Dyni, 2005; Alali & Sawaqed, 2006) . Since 1966, successive discoveries of OS deposits were recorded in Jordan. Despite of what has been discovered from the OS resource in Jordan, still oil shale prospecting and exploration is an important task. Previous oil shale research in Jordan focused on central Jordan and gave little attention to those in northern Jordan, where southern Jordan remaining unstudied. A number of local source rock evaluation and geological studies of oil shale (e.g., Amireh, 1979; Abed & Amireh, 1983; Alnawafleh, 2007; Abed et al., 2009 ) have been carried out.
This study is part of research cooperation between the natural resources authority (NRA) and Al-Hussein Bin Talal University in Jordan, and aims to investigate a newly discovered subsurface OS deposit at the Area of Isfir Al-Mahata that is located 10 km south of Ma'an city in the southern part of Jordan (Figure 1 ). Four boreholes have been drilled. This investigation opens lines of research for exploration of OS in southern part of Jordan as this part of the country accommodates huge potential OS reserves and offers suitable research environment for OS exploration and mining. The value of this topic will encourages international researches and OS mining companies for future OS research and investment in Jordan.
Geologic Setting
The Jordanian OS is kerogen-rich bituminous limestone (Abed & Arouri, 2006) deposited during Maastrichtian to Paleocene (Powell, 1989; Pufahl et al., 2006) , and belongs to Muwaqqar Chalk-Marl formation (Abed, 2000) . The generalized vertical section of the area is shown in Figure 2 . Abed et al. (2005) linked the OS deposition to shallow marine conditions which is in contrast with other studies on similar rocks from the region (e.g., Abdel-Kireem et al., 1996; Lüning et al., 1998; Scheibner et al., 2001 ) which showed that OS deposition occurred in deep water environment. Alnawafleh (2007) stated that the organic matter (OM) in OS successions varies laterally and vertically and this variability has been recorded from West Yarmouk in northern Jordan to El-Lajjun and Sultani in central Jordan. Stratigraphically, oil shale overlain phosphate rocks indicating environmental conditions change from oxic during the deposition of phosphate to sub-oxic or anoxic during the deposition of OS (Alnawafleh, 2007) . 
Lithologic Description and Sampling
Core OS samples from certain depths below surface were provided by the NRA from Isfir-1 borehole (BH). The coordination of Isfir-1 BH is 244145E and 960975N with an elevation of 914 m above sea level. The recorded recovery is 100% with no loss in record. Oil shale was encountered at depth of 56 m. A total of 115 meters of OS were penetrated and recorded. Overburden (OB) thickness is within the range of average OB thickness reported by Alali (2006) The lithological description of Isfir-1 BH is presented in Table 2 . Oil shale from this area is described as bituminous chalk marl phosphatic rich at the bottom. 3 -56 Marl (top and bottom), chalky marl in the middle marl with limestone at the bottom.
-71
Bituminous chalk marl (Oil Shale), greenish grey, medium hardness, with bivalve fossils. Vertical fractures filled by calcite.
71 -99 Bituminous chalk marl, greenish to grey, medium hardness, with bivalve fossil.
99 -101 Bituminous chalk marl, greenish grey to brownish grey, medium hardness, fractured.
-110
Upper part is bituminous limestone, dark grey, hard, with fragments of silicified limestone. Middle and bottom parts are bituminous chalk marl, grayish brown, medium hardness, fractured at the bottom.
110-112
Bituminous chalk marl, grey, medium hardness, from111.5 m to 111.75m, bituminous marl, black, grassy, from 111.75 to 112, bituminous dolomatic limestone, light grey, hard.
112 -120 Bituminous chalk marl, brownish grey, medium hardness, fractured.
-129
Bituminous chalk marl, greyish brown, medium hardness, 120-120.80m fractured. Vertical fracture filled by calcite (124-125m). From 125-125.50m, bituminous marl, black, soft.
140 -161 Bituminous chalk marl, dark greenish grey, medium hardness, fossiliferous.
-171
Bituminous chalk marl, greenish grey, medium hardness. Soft at the bottom (170-171), dotted of white calcite.
171 -173 Phosphate, bituminous, light greenish, with si1ty clay, greenish, medium hardness.
-175
Phosphate, slightly bituminous, greenish to light green, with limestone, creamy, off-white, medium hardness.
-184
Limestone at the top, marl, fragments of limestone, silty clay at the middle, chert with fragments of limestone and fragments of calcareous dolomatic limestone at the bottom. 
Experimental Work
Oil shale core samples were firstly cleaned, dried then crushed and pulverized to the desired size. Petrographical and mineralogical analyses were carried out in the laboratories of the Natural Resource Authority (NRA). Thin sections of fourteen representative samples were prepared and studied via transmitted white light microscope. Oil content and OS quality investigated through Fisher assay apparatus according to ISO 647 by thermal cracking method. Bulk density of thirteen selected samples determined via the density apparatus. Their total organic carbon (TOC) was determined via carbon determinator. Quantitative analysis of selected major and minor elements for forty three samples was obtained by x-ray fluorescence (XRF) method. Mineral phase's identification was carried out using the X-ray powder diffractometer (XRD) available at Al Al-Bayt University.
Results and Discussion
Oil shale of Isfir-1 BH consists of organic material which is the minor component and the inorganic mineral matter which makes the bulk of the samples. Variability of organic matter (OM) content can be inferred from the TOC depth profile (Figure 3 ).
Sharp increase in TOC content is recorded when change from the deposition of phosphate to oil shale that indicating formational condition change resulted in the preservation of larger amounts of organic matter. Based on TOC distribution, the oil shale within this borehole can be divided into two sections; the upper section (80 m) and the lower section (35 m). The later is quite rich in its OM content as indicated from high TOC values. The TOC content of the lower section is comparable with that of El-Lajjun OS deposit in central Jordan and such vertical variability in TOC content has been recorded in El-Lajjun deposit by Alnawafleh (2007) . The OM is estimated using a conversion factor (1.22) for TOC values according to North (1985) . The average content of OM of this deposit is quite lower than that of other deposits in Jordan reported by Alali (2006) (Figure  4 ). Figure 4 . Average total organic matter content in selected Jordanian oil shale deposits compared to this study Petrographic study shows planktonic foraminifera shells are dispersed within the fine mineral matrix ( Figure 5A ). The mineral matrix consists of calcitic shell fragments, OM, with minor amounts of quartz, clay and apatite. Foram's cavities filled with secondary calcite ( Figure 5A , B) and amorphous organic matter. Petrographic study indicates that the OS of this borehole has foraminiferal wackestone texture changes to grainstone in the lowermost part. Phosphate rocks underline OS consist of Phosphatic pellets and bones ( Figure 5C ). This is comparable to that of El-Lajjun oil shale deposit (Alnawafleh, 2007) . The OM in Jordanian oil shale from central Jordan is mainly of marine origin (Abed & Arouri, 2006; Pufahl et al., 2006) with contribution of terrestrial sources (Alnawafleh, 2007) . Within this area, OM from terrestrial origin can be expected as the area is very close the paleo-shoreline of Tethys ocean. Vol. 5, No. 3; 2013 The XRD results ( Figure 6 ) and the chemistry of the studied samples indicate that the OS of Isfir-1 BH is made of OM, calcite, silica as quartz, phosphates as apatite, and minor amounts of clay minerals and pyrite. Overall, the mineralogy of this oil shale deposit is quite comparable to that of El-Lajjun in central Jordan studied by Alnawafleh (2007) . Figure 6 . X-Ray diffraction patterns of selected oil shale samples from Isfir-1 BH From the depth profiles of major and minor oxides (Figures 7 and 8 ) it can be seen that there is a sharp increase in quartz and clay contents when changing from phosphate to oil shale formation. Such transformation has been reported from El-Lajjun by Alnawafleh (2007) . Clay content increase is expected as the area is close to the paleoshoreline of Tethys Ocean. Quite stagnant conditions during the formation of this oil shale deposit are indicated from the minor variations within the elements profiles. Observable change can be noticed in elements distribution from phosphate to oil shale. The average content (wt%) of selected major oxides from this deposit compared with that of selected OS deposits in Jordan is presented in Table 3 . With exception of Al 2 O 3 %, the values of other major oxides fit within the value range of other OS deposits. (Figure 9 ). The lower section is oil-rich. The variation in density with depth ( Figure 10 ) is indicative for the change in the type of organic matter within the oil shale rocks. This OS deposit shows in average higher moisture content, lower density, and lower oil content ( Table 4 ) compared with that of other OS deposits from Jordan as reported by Alali (2006) and Hamarneh (1998) . 
Oil Shale Economic Potential
The dramatic increase of oil prices worldwide has negatively affected the overall Jordan's Economic. The Jordanian government has implemented an adequate development strategy for Jordanian oil shale resources exploitation. This is obvious throughout the memorandums singed by the government of Jordan with many international companies (e.g. Shell and Estonian Energy Company) to carry out oil shale feasibility studies.
The NRA exploration studies of OS resources in Jordan reported in Alali (2006) indicated a huge geologic and mineable near surface reserves estimated to be more than 50 billion metric tons mainly located in the central part of Jordan. The reserve is unlimited and enormous in the northern part of Jordan. Continuous oil shale exploration and discovery of new OS deposits, especially in the southern part of the country, add more economic potential to this natural indigenous resource.
The discovery of the subsurface OS in Isfir Al-Mahata considered as the first indication of oil shale occurrence further south in the country. The expected reserve is quite huge. Detail reserve estimation study is needed. Therefore, the NRA should extend their drilling program in the next stage to delineate boundary of this deposit. Accordingly, the reserve potential of this deposit can be calculated.
From the mining point of view, favourable surface mining conditions are present. The area is not populated and OS has acceptable properties for processing. Such criteria are good indicators for the Jordanian government and OS international companies to consider utilization of oil shale resource in the south. Relatively high organic matter content within this deposit accordingly should direct any future exploration and mining plans.
Conclusions
This work presents characterisation of a subsurface oil shale deposit in the of Isfir Al-Mahata, southern Jordan. Subsurface oil shale rocks of Isfir Al-Mahata are composed of organic matter that form minor part of the bulk material and the major part is the mineral matter; mainly carbonate (calcite) with silica, phosphate and clay minerals. This subsurface oil shale is bituminous chalk marl phosphatic rich at the bottom. Oil content varies from 6% in the first 80 meters to 11% in the remaining part. Rock facies changes from foraminiferal wackestone to grainstone in the lowermost part. Amorphous organic matter is filling foram's cavities and dispersed within the mineral matrix that consists mainly of calcite with minor amounts of quartz, clay and apatite. Major and minor elements oxides variation is related to the variation in the formational conditions. Sharp changes were recorded in the transition between phosphate and oil shale. Stagnant formational conditions were prevailed during oil shale formation. The lower section in this deposit is oil-rich and could be potential for future mining and utilization.
